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MICROELECTRONIC STRUCTURE, 
METHOD FOR FABRICATING IT AND ITS 

USE IN A MEMORY CELL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of copending Interna 
tional Application No. PCT/DE99/02414, ?led Aug. 2, 1999, 
Which designated the United States. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention relates to a microelectronic structure hav 

ing a semiconductor structure, a barrier structure, an elec 
trode structure and a dielectric structure made of a high 

epsilon material. Structures of this type are used, in 
particular, as part of a capacitor. 

With increasing miniaturiZation of semiconductor circuit 
con?gurations, in particular memory cell con?gurations, 
high-epsilon materials are used as a dielectric for capacitor 
structures. Capacitors of this type are used, in particular, as 
a storage capacitor or as part of a sensor element. High 
epsilon material is a term used to denote dielectric materials 
having a dielectric constant E>10. In particular, the high 
epsilon materials include paraelectric and ferroelectric mate 
rials. In particular, barium strontium titanate (BST) and 
strontium bismuth tantilate (SBT) are being investigated 
With regard to their use as a storage dielectric in a storage 

capacitor. 
High-epsilon materials are usually deposited by metal 

organic deposition in MOCVD (metal organic chemical 
vapor deposition) or MOD (metal organic deposition) pro 
cesses Which are carried out at high temperatures in an 

oxygen-containing atmosphere. In order to obtain the leak 
age currents of less than 10'8 A/cm2 Which are desired for 
memory applications, a subsequent heat treatment in oxygen 
is furthermore necessary, Which is carried out at 550° C. in 
the case of BST. 

It has been proposed (see US. Pat. No. 5,005,102), in the 
context of the fabrication of capacitors in integrated circuits, 
to use a barrier layer made of titanium/titanium nitride in 
order to protect semiconductor structures con?gured under 
neath the high-epsilon material. 

Investigations (see, for example, J. O. OloWolafe et al., J. 
Appl. Phys. Vol. 73, No. 4, 1993, pages 1764 to 1772) shoW 
that When a barrier made of titanium/titanium nitride is used, 
during the deposition process of the high-epsilon material, 
the barrier is easily oxidiZed and TiO2 is formed, Which is an 
insulator and adversely affects the conductivity of the elec 
trode structure. Moreover, titanium nitride separates at high 
temperatures, Which can lead to the destruction of the 
storage capacitors. 

Therefore, it has been proposed (see T. Hara et al., Jpn. J. 
Appl. Phys. Vol. 36 (1997), pages L893 to L895) to use as 
the barrier a material including three components, for 
example TaSiN. HoWever, additional equipment With expen 
sive targets is required for depositing these materials. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide a 
microelectronic structure that can form part of a storage 
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2 
capacitor and a method for producing the microelectronic 
structure Which overcomes the above-mentioned disadvan 

tageous of the prior art apparatus and methods of this general 
type. In particular, it is an object of the invention to provide 
a microelectronic structure having a semiconductor 

structure, a barrier structure, an electrode structure and a 

dielectric structure made of a high-epsilon material that can 

be used in producing a storage capacitor and can be fabri 
cated Without costly equipment. 
With the foregoing and other objects in vieW there is 

provided, in accordance With the invention a microelectronic 
structure for a capacitor, Which includes: a semiconductor 

structure; a barrier structure including a titanium layer and 
a titanium nitride layer; an electrode structure having a 
tensile mechanical layer stress; and a dielectric structure 
made of a high-epsilon material. The electrode structure is 
disposed on the barrier structure, and the dielectric structure 
is disposed on the electrode structure. The barrier structure, 
the electrode structure, and the dielectric structure form a 
layer stack disposed on the semiconductor structure. 

The microelectronic structure has an electrode structure 

having a tensile mechanical layer stress. Experts also com 
monly use the term stress for the mechanical layer stress. 
The invention makes use of the insight that high-epsilon 
materials deposited at high temperatures have a tensile layer 
stress. Furthermore, the invention makes use of the insight 
that the layer stress of the electrode structure determines the 
total layer stress of electrode structure and barrier structure. 
By virtue of the fact that, in the structure according to the 
invention, the electrode structure has a tensile layer stress, 
that is to say the layer stress is greater than 0 Pa, and the 
structure curves aWay from the substrate at the edge of the 
structure, the dielectric structure and the substrate on Which 
it is produced have a similar layer stress. This prevents a 
change in the layer stress as a result of the application of the 
dielectric structure. Such a change in the layer stress is held 
responsible for the separation of the electrode structure from 
the barrier structure in the knoWn method and the oxidation 
of the barrier structure in the knoWn method. 

The dielectric structure can be formed from any desired 

high-epsilon material. In particular, the dielectric structure 
has barium strontium titanate (BST), strontium bismuth 
tantalate (SBT), lead Zirconium titanate (PZT) or the like. 

In accordance With an added feature of the invention, the 
electrode structure contains platinum, Which is often used as 
an electrode material in connection With high-epsilon mate 
rials because of its reaction behavior. 

In accordance With an additional feature of the invention, 
the electrode structure made of platinum preferably has a 
resistivity in the range betWeen 10.5 and 13 pQcm. It has 
been shoWn that platinum With a resistivity in this range 
additionally has a diffusion barrier effect for oxygen. This 
effect is presumably attributable to the higher density of the 
platinum. As a result of this diffusion barrier effect, the 
underlying barrier structure is additionally protected against 
oxidation during the deposition of the dielectric layer. 

In accordance With another feature of the invention, the 
platinum in the electrode structure preferably has an average 
grain siZe of betWeen 60 and 100 nm. With an average grain 
siZe in this range, platinum has a distinct [111] texture, 
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Which has proved to be advantageous for the quality of the 
dielectric structure deposited thereon. 

In accordance With a further feature of the invention, the 
barrier structure is provided in such a Way that it contains a 
titanium layer and a titanium nitride layer, since these 
materials are customary and have been Well investigated as 
barrier materials in semiconductor technology. The titanium 
nitride layer preferably has a resistivity in the range betWeen 
70 and 200 pQcm. This reduces the sheet resistance of 
barrier structure and electrode structure. 

In accordance With a further added feature of the 
invention, it is particularly advantageous to provide the 
titanium nitride layer having a stoichiometry N:Ti>1, since 
the oxidiZability of the barrier structure is thereby reduced. 

In accordance With a further additional feature of the 

invention, the barrier structure preferably has a layer stress 
>—200 MPa resulting in that the combination of barrier 
structure and electrode structure has a tensile layer stress. It 

is particularly advantageous if the layer stress of the barrier 
structure is >200 MPa, since the barrier structure then also 
has a tensile layer stress. 

In accordance With yet an added feature of the invention, 
the semiconductor structure preferably contains silicon and 
the barrier structure contains titanium nitride and titanium. 
The titanium layer has a thickness of betWeen 10 and 40 nm 
and the titanium nitride layer has a thickness of betWeen 80 
and 200 nm. The electrode structure contains platinum and 
has a thickness of betWeen 50 and 200 nm. The dielectric 
structure has EST and a thickness of betWeen 8 and 50 nm. 

As an alternative, the dielectric structure contains a dif 

ferent high-epsilon material, in particular lead Zirconium 
titanate or strontium bismuth tantalate. In this case, the 
materials of the barrier structure and of the electrode struc 
ture are adapted to the material of the respective dielectric 
structure. 

With the foregoing and other objects in vieW there is 
provided, in accordance With the invention a method of 
fabricating the microelectronic structure. It is advantageous 
to produce, on a support, a layer stack having the semicon 
ductor structure, the barrier structure, the electrode structure 
and the dielectric structure. The electrode structure is formed 
by sputtering platinum at a sputtering temperature of at least 
200° C. It has been shoWn that the mechanical layer stress 
of the electrode structure is essentially a function of the 
deposition temperature. The mechanical layer stress, for 
Which the term stress is also often used in the technical 
literature, is tensile When platinum is deposited by sputtering 
at a sputtering temperature of at least 200° C. 

In accordance With an added mode of the invention, the 
sputtering temperature for the deposition of the electrode 
structure made of platinum is preferably chosen betWeen 
450 and 550° C. It has been shoWn that, at this higher 
deposition temperature, a loWer sheet resistance of the 
platinum, a larger average grain siZe of the platinum and a 
pronounced [111] layer texture are additionally obtained. 
Furthermore, it has been observed that platinum sputtered at 
relatively high temperature constitutes a better diffusion 
barrier for oxygen and thereby protects the underlying 
barrier structure more effectively against oxidation during 
the deposition of the dielectric structure. 
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It has been shoWn that the chosen poWer and the pressure 

during sputtering have only a minor in?uence on the prop 
erties of the platinum of the electrode structure. The sput 
tering poWer is set in the range betWeen 0.5 and 2 kW and 
the sputtering pressure in the range betWeen 1 and 5 mTorr. 

In accordance With an additional mode of the invention, 
the barrier layer is preferably formed from a titanium layer 
and a titanium nitride layer. The titanium nitride layer is 
formed by sputtering in an atmosphere having a nitrogen 
proportion of at least 70 percent. The nitrogen proportion is 
determined as a ratio of the gas ?oWs in standard cubic 
centimeters (sccm). A gas mixture including argon and 
nitrogen is preferably used for the sputtering of the titanium 
nitride. The pressure is preferably betWeen 5 and 15 mTorr. 
It has been shoWn that the oxidiZability of the barrier 
structure is reduced by the high nitrogen proportion in the 
sputtering atmosphere. 

In accordance With an another mode of the invention, the 
titanium nitride layer is preferably deposited at temperatures 
of betWeen 400 and 500° C. and With a nitrogen proportion 
of 80 percent in the sputtering atmosphere. As a result, the 
oxidiZability of the barrier structure is reduced further. 
Furthermore, the mechanical layer stresses in the barrier 
structure become Zero or slightly tensile. 

In accordance With a further mode of the invention, the 
microelectronic structure can advantageously be used as part 
of a storage capacitor in a memory cell, With the electrode 
structure constituting a ?rst electrode of the storage capaci 
tor. The storage capacitor furthermore has a second electrode 
con?gured on the side of the dielectric structure Which is 
opposite to the ?rst electrode. 

In accordance With a concomitant mode of the invention, 
as an alternative, the microelectronic structure can be used 
as part of a sensor or actuator. 

Other features Which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a microelectronic structure, method for 
fabricating it and its use in a memory cell, it is nevertheless 
not intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made therein 
Without departing from the spirit of the invention and Within 
the scope and range of equivalents of the claims. 
The construction and method of operation of the 

invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a section through a memory cell having a 
storage capacitor that includes a microelectronic structure 
With a semiconductor structure, a barrier structure, an elec 

trode structure, and a dielectric structure. 

FIG. 2 shoWs the relationship betWeen sputtering tem 
perature and mechanical layer stress of a platinum layer. 

FIG. 3 shoWs the relationship betWeen mechanical layer 
stress and sputtering temperature of a Pt/TiN/T i stack. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to the ?gures of the draWing in detail and 
?rst, particularly, to FIG. 1 thereof, there is shoWn a semi 
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conductor substrate 1 that contains a memory cell con?gu 
ration having a multiplicity of memory cells. Each of the 
memory cells has a selection transistor having tWo source/ 
drain regions 2, a gate oxide region 3, a gate electrode 4 and 
a storage capacitor having an electrode structure 5, a dielec 
tric structure 6 and a top electrode structure 7 (see FIG. 1). 
The gate electrode 4 is connected to a Word line, and one of 
the source/drain regions 2 is connected to a bit line 8. An 
intermediate oXide layer 9 covers the selection transistor. 
Provided in the intermediate oXide layer 9 is a contact hole 
Which reaches to the other source/drain region 2, speci?cally 
the one not connected to the bit line 8. The contact hole is 
?lled With a semiconductor structure 10. The semiconductor 
structure 10 contains doped polysilicon. Con?gured on the 
surface of the semiconductor structure 10 is a barrier struc 

ture 11, Which completely covers the surface of the semi 
conductor structure 10. The barrier structure 11 includes a 

titanium layer 111 and a titanium nitride layer 112 con?g 
ured above the latter. The titanium layer 111 has a thickness 
of 20 nm. The titanium nitride layer 112 has a thickness of 
100 nm. 

The barrier structure 11 is electrically conductive. The 
semiconductor structure 10 Which is made of n+-doped 
polysilicon With a dopant concentration of 5 ><1019 to 5 ><102O/ 
cm3 together With the barrier structure 11, constitute an 
electrical connection betWeen the source/drain region 2 and 
the bottom electrode structure 5 of the storage capacitor. 

The bottom electrode structure 5 of the storage capacitor 
has a thickness of 100 nm. It contains platinum. 

The dielectric structure 6 contains EST and has a thick 

ness of 50 nm. 

The top electrode structure 7 contains platinum and has a 
thickness of 100 nm. 

In order to fabricate the barrier structure 11 and the 
bottom electrode structure 5, ?rstly a titanium layer 111 
having a thickness of 20 nm is deposited in Ar at a pressure 
of 1 to 5 mTorr and With a sputtering poWer of betWeen 1 and 
5 kW. AfterWard, the titanium nitride layer 112 having a 
thickness of 100 nm is deposited in a reactive sputtering 
process in a gas miXture including argon and nitrogen at a 
pressure of betWeen 5 and 15 mTorr and With a sputtering 
poWer of 6.5 kW and a nitrogen proportion of 80 percent in 
the sputtering atmosphere. The temperature during the depo 
sition is 400 to 500° C. Under these deposition conditions, 
the mechanical layer stress of the barrier structure 11 is Zero 
up to slightly tensile. It is greater than —200 MPa. 
Furthermore, these deposition conditions mean that the 
nitrogen proportion is in the titanium nitride layer 112 With 
a stoichiometry N:Ti>1. The barrier structure 11 has a sheet 
resistivity of 90 pQcm. 

The bottom electrode structure 5 made of platinum is 
subsequently deposited in a sputtering process at a deposi 
tion temperature of 450 and 550° C., a pressure of 3.5 mTorr 
and With a sputtering poWer of 0.5 kW. With these deposi 
tion parameters, the bottom electrode structure 5 has a 

tensile layer stress. Furthermore, the bottom electrode struc 
ture 5 has a resistivity of 11 pQcm. It has a distinct [111] 
teXture. 

Moreover, as a result of the deposition conditions, the 
bottom electrode structure 5 eXhibits a good diffusion barrier 
effect for oXygen. 
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FIG. 2 illustrates the dependence of the mechanical layer 

stress S, also called stress of a platinum layer as a function 
of the temperature T in degrees Celsius (° C.). The platinum 
layer has a thickness of 100 nm and Was deposited With a 

sputtering poWer of 0.5 kW, a gas How of 65 sccm argon and 
a sputtering pressure of 3.5 mTorr. FIG. 2 shoWs that above 
a deposition temperature of 200° C., the mechanical layer 
stress S becomes >0. In other Words, the layer has a tensile 
layer stress. The layer stress S is determined as folloWs: 
capacitively or by a laser, the form or position of the Wafer 
betWeen the capacitor plates is determined at various loca 
tions on the Wafer. By comparison With a plane Wafer, the 
Wafer bending can be determined and the stress can thus be 

calculated according to R. Glang (Rev. of Sci. Instr., 36 
(1965) page 7). 

FIG. 3 illustrates the relationship betWeen the mechanical 
layer stress S and the sputtering temperature T for a stack 
Which has a titanium layer having a thickness of 20 nm, a 
titanium nitride layer having a thickness of 100 nm con?g 
ured on the titanium layer, and a platinum layer having a 
thickness of 100 nm con?gured on the titanium nitride layer. 
The curve 3a shoWs the relationship for the case Where the 
titanium layer and titanium nitride layer are deposited at a 
deposition temperature of 450° C., While the deposition 
temperature of the platinum layer varies. The curve 3b 
shoWs the relationship for the case Where the platinum layer 
is deposited at 500° C. and the deposition temperature of the 
titanium nitride layer and of the titanium layer varies. 

The curve 3a reveals that the mechanical layer stress of 
the stack becomes increasingly tensile as the deposition 
temperature of the platinum increases. The curve 3b reveals 
that the layer stress S of the stack is scarcely in?uenced by 
the increasing deposition temperature of the titanium nitride 
layer and of the titanium layer. A comparison of curves 3a 
and 3b shoWs that the layer stress of the stack is essentially 
in?uenced by the deposition temperature of the platinum. 
As can be gathered from FIG. 2, the mechanical layer 

stress S of the platinum layer is a function of the deposition 
temperature of the platinum layer. In other Words, the 
resulting layer stress of the stack (see FIG. 3) is essentially 
determined by the layer stress of the platinum layer. 

I claim: 
1. A memory cell structure, Which comprises: 

a transistor having: 
an electrode; and 
a capacitor having a ?rst electrode structure of 

platinum, said platinum of said ?rst electrode struc 
ture having a teXture and being an average grain siZe 
of betWeen 60 nm and 100 nm, a second electrode 
structure, a dielectric structure of a high epsilon 
material, and a barrier structure; 

an isolation layer covering said transistor; 
said isolation layer de?ning a contact hole extending 

therethrough, said contact hole being ?lled With doped 
silicon, said doped silicon ?lled in said contact hole 
being in contact With said electrode of said transistor; 

said barrier structure having a ?rst layer of titanium and 
a second layer of titanium nitride; 

said ?rst layer being disposed on said doped silicon; 
said second layer being disposed on said ?rst layer and 

having a stoichiometry N:Ti>1; 
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said ?rst electrode structure of platinum being disposed 
on said second layer of titanium nitride; 

said dielectric structure being disposed on said ?rst elec 
trode structure; and 

said second electrode structure being disposed on said 
dielectric structure. 

2. The memory cell structure according to claim 1, 
Wherein said barrier structure has a mechanical layer 
stress>—200 MPa. 

3. The memory cell structure according to claim 1, 
Wherein: 

said ?rst layer of said barrier structure has a thickness of 
betWeen 10 nm and 40 nm; 

said second layer of said barrier structure has a thickness 
of betWeen 80 nm and 200 nm; 

said ?rst electrode structure includes platinum and has a 
thickness of betWeen 50 nm and 200 nm; and 

said dielectric structure includes barium strontium titan 
ate. 

4. The memory cell structure according to claim 1, 
Wherein said ?rst electrode structure has a resistivity of 
betWeen 10.5 pQcm and 13 pQcm. 

5. The memory cell structure according to claim 1, 
Wherein said second layer of said barrier structure has a 
resistivity of betWeen 70 pQcm and 200 pQcm. 

6. The memory cell structure according to claim 1, 
Wherein said ?rst layer has a common boundary surface With 
said doped silicon ?lling said contact hole, said second layer 
has a common boundary surface With said ?rst layer, and 
said ?rst electrode structure has a common boundary surface 

With said second layer. 
7. A memory cell structure, Which comprises: 

a transistor having: 
an electrode; and 
a capacitor having a ?rst electrode structure of 

platinum, said platinum of ?rst electrode structure 
having a teXture and being of an average grain siZe 
of betWeen 60 nm and 100 nm, a second electrode 
structure, a dielectric structure of a high epsilon 
material, and a barrier structure; 

an isolation layer covering said transistor; 
said isolation layer de?ning a contact hole extending 

therethrough, said contact hole being ?lled With doped 
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8 
silicon, said doped silicon ?lled in said contact hole 
being in contact With said electrode of said transistor; 

said barrier structure having a ?rst layer consisting of 
titanium and a second layer consisting of titanium 
nitride; 

said ?rst layer being disposed on said doped silicon; 
said second layer being disposed on said ?rst layer and 

having a stoichiometry N:Ti>1; 
said ?rst electrode structure being disposed on said sec 

ond layer; 
said dielectric structure being disposed on said ?rst elec 

trode structure; and 
said second electrode structure being disposed on said 

dielectric structure. 
8. A memory cell structure, Which comprises: 

a transistor having: 
an electrode; and 
a capacitor having a ?rst electrode structure of 

platinum, said platinum of said ?rst electrode struc 
ture having a teXture and being of an average grain 
siZe of betWeen 60 nm and 100 nm, a second 
electrode structure, a dielectric structure of a high 
epsilon material, and a barrier structure; 

an isolation layer covering said transistor; 
said isolation layer de?ning a contact hole extending 

therethrough, said contact hole being ?lled With doped 
silicon, said doped silicon ?lled in said contact hole 
being in contact With said electrode of said transistor; 

said barrier structure having: 
a ?rst layer of titanium and not having titanium nitride; 

and 
a second layer of titanium nitride; 

said ?rst layer being disposed on said doped silicon; 
said second layer being disposed on said ?rst layer and 

having a stoichiometry N:Ti>1; 
said ?rst electrode structure being disposed on said sec 

ond layer; 
said dielectric structure being disposed on said ?rst elec 

trode structure; and 
said second electrode structure being disposed on said 

dielectric structure. 


